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EXHAUST GAS PURIFICATION APPARATUS OF ENGINE 

This is a U.S. National Stage of PCT/JP2004/010487, filed on July 

23, 2004. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an exhaust gas purification apparatus 
of an engine (referred to hereunder as "exhaust gas purification apparatus"), 
which reduces the nitrogen oxide (NOx) in the exhaust gas using a liquid 
reducing agent. In particular, it relates to technology for preventing a failure 
in the reduction and purification of NOx. 

2. Description of the Related Art 

As an exhaust gas purification apparatus for removing NOx contained 
in engine exhaust gas, a type disclosed in Japanese Unexamined Patent 
Publication No. 2000-27627 has been proposed. In such an exhaust gas 
purification apparatus, a NOx reduction catalyst is arranged in an engine 
exhaust gas passage in order to convert NOx into harmless nitrogen (N2) and 
oxygen (0 2 ) in an oxygenated atmosphere filled with excessive amount of 
oxygen. Furthermore, a construction is adopted in which an amount of liquid 
reducing agent as required according to the engine operating state, is 
supplied by injection from a nozzle into the exhaust gas upstream of the NOx 
reduction catalyst, in order to enhance the efficiency of NOx purification in the 
NOx reduction catalyst. 



2 



In such an exhaust gas purification apparatus, when the nozzle is at a 
high temperature due to the exhaust heat, and the injection supply of the 
liquid reducing agent is stopped, there is a possibility that water content from 
the liquid reducing agent remaining inside the nozzle evaporates, and 
reducing agent constituents are deposited and become attached to the inside 
of the nozzle, thus causing it to become clogged. If clogging occurs in the 
nozzle, then even though injection supply of the liquid reducing agent is 
restarted afterwards, there is concern that liquid reducing agent of a 
necessary amount corresponding to the engine operating conditions is not 
supplied to the NOx reduction catalyst, and the NOx in the exhaust is 
exhausted into the atmosphere without being sufficiently reduced and purified. 

SUMMARY OF THE INVENTION 

Therefore, taking the above-described existing problems into 
consideration, an object of the present invention is to provide an exhaust gas 
purification apparatus in which clogging in a nozzle is prevented, and a failure 
in the reduction and purification of NOx due to a shortage in the supply of the 
liquid reducing agent is suppressed, by supplying high pressure air into the 
nozzle when the injection supply of the liquid reducing agent is stopped. 

Therefore, in accordance with the present invention, there is provided 
an exhaust gas purification apparatus, which comprises: a nitrogen oxide 
reduction catalyst arranged in an engine exhaust gas passage, in order to 
reduce and purify nitrogen oxide in exhaust gas using a liquid reducing agent; 
a nozzle whose injection hole opens into the exhaust gas passage, positioned 
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on an exhaust gas upstream side of the nitrogen oxide reduction catalyst; an 
operating state detecting device for detecting an engine operating state; a 
reducing agent injection supply device for injection supplying a liquid reducing 
agent into the exhaust gas passage from the nozzle injection hole, based on 
the engine operating state detected by the operating state detecting device; 
and a high pressure air supply device for supplying high pressure air into the 
nozzle for a predetermined period, when an injection flow rate of the liquid 
reducing agent from the reducing agent injection supply device becomes zero. 

According to the present invention, when the injection flow rate of the 
liquid reducing agent, which is injection supplied into the engine exhaust gas 
passage from the nozzle injection hole, becomes zero, high pressure air is 
supplied into the nozzle for a predetermined period. As a result, when the 
injection supply of the liquid reducing agent is stopped, even if liquid reducing 
agent remains in the nozzle, it is forcibly discharged to the exhaust gas 
passage by the high pressure air Consequently, even if the nozzle is at a 
high temperature due to the exhaust heat, the situation where the water 
content evaporates from the liquid reducing agent remaining thereinside, and 
the reducing agent constituents are deposited does not occur, and hence 
clogging of the nozzle can be prevented. Furthermore, since clogging of the 
nozzle is prevented, the liquid reducing agent in the nitrogen oxide reduction 
catalyst does not become insufficient, and hence the nitrogen oxide can be 
kept from being exhausted into the atmosphere without being sufficiently 
reduced and purified. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view illustrating a structural constitution of an exhaust gas 
purification apparatus according to a first embodiment of the present 
invention; 

FIG. 2 is a view illustrating a structural constitution of an exhaust gas 
purification apparatus according to a second embodiment of the present 
invention; 

FIG. 3 is a view illustrating a structural constitution of an exhaust gas 
purification apparatus according to a third embodiment of the present 
invention; and 

FIG. 4 is a view illustrating a structural constitution of an exhaust gas 
purification apparatus according to a fourth embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A detailed description of the present invention is provided hereunder, 
with reference to the accompanying drawings. 

Figure 1 shows the overall construction of a first embodiment of an 
exhaust gas purification apparatus according to the present invention. 

Referring to Fig. 1, a NOx reduction catalyst 3 for reducing and 
purifying the NOx in an exhaust gas is provided in an exhaust pipe 2 
constituting an exhaust gas passage of an engine 1. The NOx reduction 
catalyst 3 is of a construction where for example a zeolite type active 
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ingredient, is supported by a monolithic type catalyst support having a 
honeycomb shaped cross-section comprising ceramic cordierite, or an Fe-Cr- 
Al type heat-resistant steel. Moreover, the catalyst ingredient supported by 
the catalyst support, receives a supply of a liquid reducing agent such as a 
urea water solution, gasoline, a diesel oil, alcohol or the like, and is activated, 
to thereby effectively convert the NOx into a harmless substance. 

A nozzle 4 is provided on the exhaust gas upstream side of the NOx 
reduction catalyst 3, to injection-supply a liquid reducing agent from an 
injection hole which opens into the exhaust pipe 2. 

Compressed air, which is pressurized to between 700 and 1000kPa, is 
stored in an air reservoir tank 5. The compressed air stored in the air 
reservoir tank 5 passes through a solenoid-operated openably closed valve 6, 
which is a normally-closed valve, and a pressure-reducing valve 7 (pressure- 
reducing device), in sequence, and is supplied to a reducing agent dosing 
device 8. The air reservoir tank 5 may be shared with an air reservoir tank 
provided for other purposes. Furthermore, liquid reducing agent stored in a 
reducing agent tank 9 is supplied to the reducing agent dosing device 8. 

The reducing agent dosing device 8 doses the liquid reducing agent to 
the compressed air to transform it into an atomized state, by the operation of 
a built-in pump, and afterwards supplies it to the nozzle 4. The dosing flow 
rate of the liquid reducing agent, that is, the injection flow rate of the liquid 
reducing agent, can be optionally varied by controlling the operation of the 
pump. Moreover the reducing agent dosing device 8 has the interior thereof 
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in communication with the nozzle 4 such that the supplied compressed air 
can be constantly supplied to the nozzle 4 at all times. 

The compressed air stored in the air reservoir tank 5 is branched after 
passing through the solenoid-operated openably closed valve 6, and is 
supplied to a purge air tank 11 via a check valve 10, Therefore, the purge air 
tank 11 stores compressed air substantially the same pressure as the air 
reservoir tank 5. The check valve 10 is installed in a direction whereby it 
prevents the compressed air from flowing back from the purge air tank 1 1 to 
downstream of the solenoid-operated openably closed valve 6. Moreover, the 
compressed air stored in the purge air tank 11 is supplied to the reducing 
agent dosing device 8 via a solenoid-operated openably closed valve 12 that 
is also a normally-closed valve. 

The engine 1 is provided with an operating state detecting sensor 13 
(operating state detecting device) for detecting its rotational speed and load. 
Here, for the engine load, it is possible to use the intake air flow rate, intake 
negative pressure, throttle opening, accelerator opening, fuel injection 
quantity, turbocharging pressure, or the like. A control unit 14 with a built-in 
computer, receives the rotational speed and load from the operating state 
detecting sensor 13, and operates and controls; the built-in pump in the 
reducing agent dosing device 8, the solenoid-operated openably closed valve 
6, and the solenoid-operated openably closed valve 12, executing a control 
program stored in a ROM (Read Only Memory). 

The air reservoir tank 5, the solenoid-operated openably closed valve 6, 
the pressure-reducing valve 7, the reducing agent dosing device 8, the 
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reducing agent tank 9, and the control unit 14, constitute a reducing agent 
injection supply device. Furthermore, the purge air tank 11, the solenoid- 
operated openably closed valve 12, and the control unit 14 constitute a high 
pressure air supply device. 

Next, a description of the operation of such an exhaust gas purification 
apparatus will be provided below. 

When the engine 1 is operated, the exhaust gas is exhausted to the 
exhaust pipe 2. At this time, the control unit 14 reads the rotational speed 
and load from the operating state detecting sensor 13, and calculates the 
dosing flow rate of the liquid reducing agent required for the reduction and 
purification of the NOx in the exhaust gas. Then, when the dosing flow rate of 
the liquid reducing agent is not zero, the control unit 14 opens the solenoid- 
operated openably closed valve 6, and operates and controls the built-in 
pump in the reducing agent dosing device 8 according to the dosing flow rate. 
As a result, the compressed air stored in the air reservoir tank 5 is reduced to 
a predetermined pressure by the pressure-reducing valve 7, and supplied to 
the reducing agent dosing device 8. Then, liquid reducing agent with the flow 
rate required for the reduction and purification of the NOx in the exhaust gas, 
is mixed with the compressed air whose pressure is reduced, and 
transformed into an atomized state, and is injection-supplied from the nozzle 
4 into the exhaust pipe 2. Then, the liquid reducing agent injection-supplied 
from the nozzle 4 is supplied to the NOx reduction catalyst 3 and mixed with 
the exhaust gas at the same time, and the NOx in the exhaust gas is reduced 
and purified in the NOx reduction catalyst 3. 
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On the other hand, when the closing flow rate of the liquid reducing 
agent is zero, the control unit 14 closes the solenoid-operated openably 
closed valve 6, stops the operation of the built-in pump in the reducing agent 
dosing device 8, and stops the injection-supply of the liquid reducing agent to 
the inside of the exhaust pipe 2. Afterwards, the control unit 14 opens the 
solenoid-operated openably closed valve 12 for a predetermined period, to 
thereby supply the compressed air stored in the purge air tank 11 to the 
reducing agent dosing device 8, and inject the compressed air from the 
injection hole of the nozzle 4 to the inside of the exhaust pipe 2. Therefore, 
when the injection-supply of the liquid reducing agent is stopped, even if 
liquid reducing agent remains in the nozzle 4, it is forcibly discharged to 
inside the exhaust pipe 2 by the compressed air, thus preventing liquid 
reducing agent constituents from being deposited and becoming attached to 
the inside of the nozzle 4. Consequently, it is difficult for the inside of the 
nozzle 4 to become dogged, and hence the injection supply of the liquid 
reducing agent can be ensured. Therefore, the supply of the liquid reducing 
agent to the NOx reduction catalyst 3 does not become insufficient, and 
hence the NOx is prevented from being exhausted to the atmosphere without 
being sufficiently reduced and purified. Moreover, since the liquid reducing 
agent is injection-supplied from the nozzle 4 in an atomized state, the liquid 
reducing agent is supplied to the NOx reduction catalyst 3 almost uniformly, 
and hence it is possible to perform the reduction and purification of the NOx 
efficiently. 
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The pressure of the purge air tank 11 is reduced due to the 
consumption of the compressed air stored therein. However, when the 
solenoid-operated openably closed valve 6 is opened, the compressed air 
stored in the air reservoir tank 5 is automatically supplied to the purge air tank 
11 via the check valve 10. Therefore, the compressed air in the purge air 
tank 1 1 is maintained within a predetermined range. 

Figure 2 shows the overall construction of a second embodiment of an 
exhaust gas purification apparatus according to the present invention. The 
descriptions of constructions identical to those in the previous first 
embodiment have been omitted by utilizing the same reference symbols, in 
order to avoid duplicated descriptions (the same applies for the other 
embodiments hereunder). 

In the present embodiment, a construction is adopted in which 
compressed air is supplied to a purge air tank 1 1 using an air compressor 20 
for pressurizing the atmosphere to a predetermined pressure. At this time, 
the air compressor 20 may be operated and controlled according to the output 
from a pressure switch installed for example in the purge air tank 11, so that 
the pressure of the compressed air stored in the purge air tank 1 1 is within a 
predetermined range. 

According to such a construction, compressed air of an optional 
pressure can be supplied to the purge air tank 1 1 using the air compressor 20, 
regardless of the pressure of the compressed air stored in the air reservoir 
tank 5. Therefore, if the supply pressure of the compressed air from the air 
compressor 20 is set to a pressure whereby liquid reducing agent remaining 
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in the nozzle 4 can be forcibly discharged, clogging of the nozzle 4 can be 
effectively prevented. 

Figure 3 shows the overall construction of a third embodiment of an 
exhaust gas purification apparatus according to the present invention. 

In the present embodiment, a construction is adopted in which, instead 
of the pressure-reducing valve 7 in the first and second embodiments, a 
pressure-reducing valve 30 is provided that can be switched to either let 
compressed air stored in the air reservoir tank 5 pass through directly, or to 
reduce the pressure to a predetermined pressure as it passes through, and 
the switching is controlled by a control unit 14. 

The control unit 14 opens a solenoid-operated openably closed valve 6 
when the liquid reducing agent is injection-supplied, and controls the 
switching of the pressure-reducing valve 30 so as to reduce the pressure of 
the compressed air. Furthermore, the control unit 14 opens the solenoid- 
operated openably closed valve 6 for a predetermined period after injection of 
the liquid reducing agent is stopped, and also controls the switching of the 
pressure-reducing valve 30 so that the compressed air passes through it 
directly. Therefore, when the liquid reducing agent is injection-supplied, 
compressed air stored in the air reservoir tank 5 is reduced in pressure, and 
supplied to a reducing agent dosing device 8. On the other hand, after 
injection of the liquid reducing agent is stopped, it is supplied to the reducing 
agent dosing device 8 directly for a predetermined period. 

Consequently, since it is possible to optionally supply compressed air 
and high pressure air from the air reservoir tank 5, then compared with the 



previous first and second embodiments, the number of solenoid-operated 
openably closed valves may be reduced, and also a purge air tank and a 
check valve are not required. Moreover, it is possible to reduce the parts 
count by sharing parts, thus forming a simple construction, and hence the 
space and cost can be reduced. 

Figure 4 shows the overall construction of a fourth embodiment of an 
exhaust gas purification apparatus according to the present invention. 

In the present embodiment, a construction is adopted in which, when a 
liquid reducing agent is injection-supplied, compressed air is not used, but the 
liquid reducing agent is pressurized by a reducing agent dosing device 40, for 
injection supply. 

According to such a construction, since it is not necessary to supply 
compressed air from the air reservoir tank to the reducing agent dosing 
device, as in the previous first to third embodiments, the number of solenoid- 
operated openably closed valves is reduced, and also a pressure-reducing 
valve is not required, and hence the space and cost can be reduced. 
Furthermore, since compressed air for dosing the reducing agent is not 
required, there is no need to increase the size of the air reservoir tank 
provided for other purposes. 

As described above, in an exhaust gas purification apparatus 
according to the present invention, when the injection-supply of a liquid 
reducing agent is stopped, the liquid reducing agent remaining in the nozzle 
is forcibly discharged. Therefore, the occurrence of clogging inside the 
nozzle is prevented, and a failure in the reduction and purification of the NOx, 
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caused by a shortage in the supply of the liquid reducing agent can be 
suppressed, which is extremely advantageous. 



